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(54) ffiW<D%m A 1 G a I n PSS^y^f H 




mSil A 1 Ga I nPLED^iMkflMBJlfcS«t;* 




mSmi ) MlAMAlxGa,.,) y I n,. T P (0 
SXgl. 0<YS1) frtitchvnft&myf^T- 
oflfiSOL EDttiVT . f&^lXtB njgigfli 

Ztmt-t&A 1 Gal nPM/^-K. 

£ ifc&g 1 fcE«<7) A 1 G a I n pfae^-f F . 

If 1 & Mi 2 fcEIW) A [Gain PHft;SM H . 
[»*JS4 ] ttffifOftTJlOJiJSA 4 , 5 nmtLhT'l 0 
0 n rafilTt** i i: hthWm. 1 - 3 <0V ^ 
1 JSfcSOBtf) A 1 G a I n PfBfc^W tf- K . 

CO A 1 Ga I nP^3fe^3j--K. 

WLk^zm-$mi-~~4co^-rtxfrimztm<7)A 1 Ga 

[ 7 ] «ffi«*±ii t ffiTB fc «0lBfc: . « U 7r 
116 tgEtt<0A 1 G a I n P JBfc^-f ;t- H. 
[0001 ] 

^-•SsifJ^co (A l x Ga,. x ) y I n,. Y P (OSXg 
1. 0<Y<1) (KIT. A IGal nPtlft-f ) fBt 

[0002] 

LT , p nJ^Se^TVl^-fn ( D H ) Steflfift**/?, 
J&SA 1 Ga I nP^^^-K (LED) jWSDfeil 

(Appl. Phys. Lett. , 61 (1 
5) ( 1 992). 1 775-1 77 7JHHH) . 1$ 
t. -f y^AfflflgifcSr^O. 5fc-TS (A1 X G 
a,-») 0.5 I n 0 . 5 P ( O^X^l ) (±. Btfb/?' , J'7^ 
( G a A s ) W&Fnbtt&&+ht:ib (App 1 . P 
hys. Lett. . 57(27) (1990). 29 
3 7-2 9 3 9JWHH) . DHSte»a*>36jfc3S:$r-f 
«7F(clad) **Wft3l£/i (iSttif ) Zmfci-& 
tzMzmmZitT^Z (Ap p 1 . Phys. Let 
t. , 58(10) (1991). 101 0-1012 
H#ffl) . 

[0003] «g*<Z)A 1 Ga I n Pffiff&gLE DT'«i. 
yVJM) tfUESftT^S (SPIE. Vol. 3 0 
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02 (1997) . 110-11 8J*#SH) . $e*Mtc 
J^WC. JS*£BKt-r fa** A ■ M ( i n d i um- 1 

in oxide :B^ITO) ^^(fc^SCTA^ 
ftT^S (r>'J^*«B3f«t*5. 4S1. 122^- 
#03.) . (contact) JffcLT 

TV^S (ftHPF 1 1-17 2 2 0#^ffiBfl#fS#BS) . 

[00043 t/us-^a < a i > ^ssansfutBHisg 

iS(ZnO)li. 1 X 1 0' 3 Q • c m5fc»<Z>ffi^JttS!ii 

Vol. 99. No. 63 (1999 
*5J|2.0B*fT) . 8 3-8 8H#g3.) „ dOA i H 
-rZnOfli. Ill L E DcO") -f 

(wi ndow) /ft LT tfflJBS ixTViS (7* 
^ 'J ^^ll^f^ 5 . 8 S 9 . 2 9 5 ) . 
[0005 ] ^*C0««^A IGalnPLEDIi.l 

•y? (Ohmi c ) «ffi*fS3ftLTfllri6S*l.*. ^-S 

7?tffliA ( Au ) . ^>{i s ^./ir;u (Ni)/i 

h. ) , ttzii&& (Pt ) /&a^flfj££*vOv& 
(±iecOUSP5. 8 8 9. 2 9 5^-#BS) . 
[0006] 

[fg^mifcL.fcafc'tl.PJH] LA^L. ITO^tOK 
*T t , ffiV 5 ••/ ^ ( O h m i c ) ttJttffifiiA*^ 
[ 0 0 0 7 ] ft*af^flc$^tt£JH8£ft>& 

[0008] ±EOfi!3Ra*f5<OlBIjHjfi*JB!B 

P n^S^V/^-f o (DH) flfjfcOA 1 G a I n P 
LED(cS>-3"C. ( 1 ) MflWBM t &Vf%*- 5 v 7 

[0009 ] 

IP*>. [ 1 ] mmft (Al x Ga,. x ) y I 

ni.yP (0SXS1, 0<YS1) *>^=5rl.png-& 
S^T'yU'sf n<f jt<OL E Dtcfe^T . IBtOKiBLTT 
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mfrt>%&Zt$:m®ti-&Al Ga I nPJBfc^-r* 
- F . [2]JMk«fffc***LTV^Ci:«r1«»t1- 
* Cl ] KIE8SOA 1 Ga I nP&^'-f^-K. 

[3] 3@&Bft<. f-*>\ --/^Ok ?DA, 37<^ 
h*»feaitfftfcl»C*6i4:t1W4:-f* [ 1 ] *fc 
(i [ 2 3 KSEtt*) A 1 G a I n Pftftyj K . 

[ 4 ] €ffi<OSTJB^JB/f 5 n mJJl±T' 1 0 0 n m 
IHTCJbhZk&imk-tl [ 1 ] - [ 3 ] Wftlfr 
l*fcKtt«3A I Ga I nPMt?4*-\t. [5]« 

"f 6 C 1 ] — [ 4 ] W'-fft* 1 1 StlE^A I G a I 
n PlBfcyW *- K , [ 6 ] *ffi*)*Jh*«>aM#. & 

x-hh z t wmt-tz, [ i ] - [ 4 ] Witt* i if 

fcffitt*) A 1 G a I n Pj&tVJ jf — K , [ 7 ] Wi&V) 

[6] fcKtt^Al Ga 
I nP^U-K. tH-fi. 
[00 10] 

DH®-&mmfr hfob A 1 G a I n P?I s B a #^f|fj&;Sft 
S. Wfc. -f V5*>A|MiJt*»0. 5>-f£ (A l x 
Ga,.,) o.s I n 0 . 5 P (OSXS 1 ) l±, GaAsf 

£ . mffiofitffcffllcti , BMfc- ■» *7M N i O ) (ST 
I)/Au (ftiJl) jRv^iRft'f'jJ'XTiO,)/ 

Ni«tW>- (T i ) *<W«kflLh«S:^rtA»K 

k^mmmmzmk i/cawc**. w*>. ni/a u 

*MiT i /A 1 S«fgjf&S£ ^ffi 

< <0*Q < ffij£ $ ftfc#ft&m<7D»»8}§®8fefc^ V i T 
Ji. ftTflKON i JBSWiT i «**Til!l«iMtlftJSil*» 

tff x-t-imztzx mmsti, mmz-ktsmk* 

9. *alH£ LTN i O/Aut^liTi 0 2 /A 111 

lt i 5%y±<vm®i£mmm$:'£tsmk?$>cD/)m 

•f fcHs&fl t HfeOfiTiiJifg LT v *4 £ k L w . 
[0011] iJE^*p«?>J|lftA»lO»I«JS*>/5,* 

VPf-x> (EB)Ifffi. 4fcl±*2JS»8; 

0, N i O^-T i O^^BfffcftffltSrftTJifc LTfc* 



[0012] SKttfe&flft'&iBtt. fe&LT < i.IS^co 

«rawyj«. w®±m-h^%%mizt^x x 
$fti». ^mcommmmTH. vrmtrtctmoMi 

*aHttltolHHMft>6Wj£U WC, T i , N i , 
(C r ) gL<li3A/H« (Co ) OSSttif 

[0013] mmmt:&umi,i±izmmzm<t& 

fc. LEDCDli^mE (Hlflf. Vf ) SrffijS^SOfc: 
Z<Dt:tb. *ffflX'li. «ffi*)*JbJBfc» 

itmmm t cmamm zftftt^ztztbiz, mrm z m 
i&thmmmnmm.Z's-rjx-?- ( nm) tLtx- 

lOOnmOTICSbS-*-*. 10 0nmSai*JI$T' 

[0014] mm<?)&Tmt:%tfflt®imtffflt®ifflM 
fru§LXLx*hm.mz®.z.&ftmtt-rhtz»>, mz 
mtmmskmmmgLx^zm^iz. •■/ 

7MWi>tzh%i\& . tfz. Zcoftmizi. *)&T®k 
fk±Mk WS^tt i,ig L , e»kM3SJ|^<9$«»iiiJR 

[0015] *mix'H. m&<7)&±M(D&mm.m$: . 

A l J ?'Au*^1fJ3£tl.>ri:* ^ ^f4LV^. Mft.<0*Rt 
TKyf >fifi®g,X'h 0 , LE D«0j?it*SffiS> 4 

SCIRLTJi, A l^Au*<»«JiS:^-«JitcEaW 

c: ft <b co^Ji*^^r-r 4 1± £ s ^ 

[ 0 0 1 6 ] ifc. *»^Tti» *±*£A u fcf 
JBIBffifciboT, fiT/i i ©±/f k corals . ^'jyr'y 
(Mo) ifcliP t*»fe*4J!S:SflM-*it*<SfiF*L 

m&Lk-fhk. A u ^®/g k comiz? r m&i%<7m£lzM 

[0017] ±a<O*D<<0filifl|jR*»<5>^rSM±. n 
SBMk3EI8 $r ^trfil i: if L X ffif& $ ft^*«-^{cft t » 

01 ^tf, ®!<0ft»iS:^rfZnOJBLfcfcffa 

Hi: ur»»tfciwitt i tom(c, *%Bjom®*iscis 

[00 1 S] 

(jtestwi [iio] 4- AWfu^stt ( z n ) 

(001) -GaAs^alSl 0 1 . Z 
nh'-rp^GaAsgil (^^yTjfijg (p) =4 
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X10 l8 cm" 3 . MW- (d) = 3 um) 102. Zn K 
-/Pi ( A l 0 ,,Ga 0i3 ) o.5 I n 0 . 5 PTS5:?5 ••/ H 
I(p = 3xl0 13 cm- 3 , d=lx<m) 103. T>" 
K-rflnfi (A 1 0 . 2 Ga 0 . 8 > 0.5 I n 0 . 5 P^Jf 
(^f !iTMn=3xiO l, cm-', d = 0. 5u 
m) 104. Si K-7ni (A l,.,Ga,. 3 ) ,. 5 I 
n 0 . 5 Pigp;77HI(n=lxlO 18 cm"3, d = 
5 Am) 105. S.VA1 F-7ZnO^^|iiI 

1 0 6frt>®&ztimmmm¥3 otixrco&mMM 

K^IWWmtLTA 1 Ga I nPLED£ffif£L 

[0019]§I106 Sr^r-fA 1 K-TigfL3jiSJI 

Ztt. M-ikM$Zmcr>m.i&T(r)* -v <J T'<&mm2 x 1 
02°cm-3fcU ttMtiiim3x 1 0-3Q • cmt L 
fc. 2cmVV- sT'&ofc. JlflQift 

2 5 0 nmfc Lfc. v—N (sheet) fficiateifr 5 6 
Q/OC*oJfc. HRW«rX«H»f4J-«fffiK:J:0. MM 

1 0 6 *«r»fbiBBJiii. < 0 0 0 1 >2ri6i ( c m> 

tcrtt* L fc4USft#«oateft <5 % & IHSfiT* & 

[0020] ( mmm dmi iM&mm£&*>& l e 
d 1 0 ammmtsfirrmgmvrbi. itmmtt* s o 

*>-k»CR»*fcJgJl 10 61tU, nM- S <y ? ttffi 
10 7Sr»lftLfc. n»*-5-y7«ffil0 7«0, Zn 
OSt g^-t-SSTS 1 0 7 a{±5fe-T. HKft=5r3l23g 

liSlOnmtUc. N i BLLfcJi, -«W)3tfflR3»ffi 
fciOftiJBlOTbfcL-CAuBtSrMS-ttTt. Au 
Bt*>KJ»i*n. 5/zmfcLfc. 
C002 1 ]»:t. pJgGaAsSSlOl^lIfci 
• ( Au 9 811%-Z n 2fi*%) tI^^S 

f£> TlVdy ( A r ) 5S,%L$>X'4 2 O'CT'SftfaOTn 
>f (al 1 oy ) SMiraSrStU, P»*-Sv^tMl 

[0022] IMcOpm*- S y ^fltffi 1 0 S &J8f8.T 

t£ttL-C<4R*S:*TJBl 0 7 aON i ^(C©1R $ 
T. KKSrNiOJKtcSHtS-^. ^ixiO. nJEM"- 
S ••/ 9 W& 1 0 7 <7D«/f fi§it«±N i 0/ A u fc &o ft. 
±Eff)7D-f y^C^V^. fiWft&ttfgl 0 

[00 23] feLbafltofc&^fc* nJEM"- S 71® 1 
0 7(±. &RJi£AuJg£: LTV^|,A:y)#a^Au|gS: 

■mmi§l 0 6A»fc<0lffi<*)M«(i£t*ra»-3fc. njg 

at/p jb^-- s -y 107. 10s FJK-ni^r^m^ 

ariloSLrt: ZnOjfJfl Oe^^iA^IJIJ' 



3fciftftfi*H6 2 0 nmT*-jfc. ylft^? 

1 S n mt'ft *} . *fettfcfthS$S3te#»fc*L 
fc. nJBtf-5??ttffil0 7i:ZnOiSJI106i:O 

1. 9 5*/Uh (V) fc&ort:. ifc. LEDBTOIB 
l&mEBnjSMMil . 9 5V±0. 03VT*"5. % 
- i S:«tfrIflI«Ei: ! S:ofc. + v? (chip) «!BTO 
^3t5SJSii , ^5 4 5 li^>f7 ( m c d ) (citt L 
fc. 

[00 24] (^Sfi(?iJ2) n#*-5-y?««*3»l£<0 
**S»8W 1 t liHC L . flMiR-fc UAlGaln 
PLEDSrftSSU:. 

[0025] *HM^JT-(i. -^WM^T i 

/a 1 Lfe, -f * viwki*i/A 1 mmm 

jt*»fc«WclX\ T i l*»i5,T i O^T i 0 2 ^t'*'^ 

[0026] f-^ y»-(tflj/A 1 mmmm*h%h nm 

tt^Z n OJSaiA»4>««ffitf5MKttBftfe*i.«r36»-3fc. 
»6<ifc L E D^ttJi^SfiM 1 fciBtt^t B&R- 

[0027] ( ^MM 3 ) ±SEW«Jfflfift* 3 0 
LTH2(C7n-rA 1 Ga I nPLED 2 0^«figLfe. 
*JISWl4:ra-<0«ric5*fP^TJi (HI . R 

[0028] mmm 1 ce*6<oz n oa^&sjgji 1 o 

6±(C{±. ITO*»fes5ri«iSl!!i0 9S:aJI$^. 
ftlini 09(i. ^A-'JTigS^^l X 1 0 2 «cm-3k 
U, Jt»iS*W4x 1 0"«Q • cmtn I TOUi^ 
fllfiltL/S. JMB±B2 0 0nmiLfc. 
[0029] I TOftHfflt 1 0 9±(C(i. ffl^m^t' 
- mm LT T i Jl/P t if/ A u mcr> 3 S«0 

• I 0 7aOJfJ»i878nmfcLfc. 1 0 7cCO 

HJ¥«±^0. ljumfcL. t7"cS±fll 0 7 bcOAuil 
cOSffJi^l. 2Atm^|S.?eU^. pigGaAsitl 
0 l^IiCli. Hte0iJlt=ieS!cOpJg®Ett!^S:fe3t 

[0030] m&&. 4 2 o'c. 3^^a 0 . mmn 

iS+tlWlJilL, ±IS^)P^mWf4{=5f- s 7^ 
14£ft4-U PiJT-i'y^lIl 0 8t=5rUc. tt* 
T. d<7)Sft5aa^ff^. ZnOSJfl 0 6l£o(iITO 
ftKKl 0 9*><s>tettL-C*SK*JR^S:iftTJI«0T i 
mi 07 alzmmZtt. CHX±<0, Ti^^TiO^ 

t i o,a»6*6iHfeiM(ca»is-*fc. 
[oo3i] f- ^ vmm/ pt/Au a^^jt*^ ^» 

njg^- = y 1 0 7 . S^{C A u 
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t-# , iti, if-yri yfmcom&cr) i Tomm l 0 

7 mm i o ? , i o s mzmirft%.$L ^m&uztz 

I TOff.il 1 0 9W$£WfrL>&Wm%m%& 

2 0 n mX'foitz. SbfcX^? NKO^flPIteift 1 8 n 

1 0 7 k I TO^IIJI 10 9k <0H#?&;t- 5 
IX , 2 0 mAWJII^riSl^OaSSKJ 
KW»t4**-|6l*E«l51 . 9 8VkSr->fc, L 
E D laTtfDHWffl «EOJE fcmii 1 • 9 S V ± 0 . 0 4 
VT* *) . HfcfirfoltE k * -> . ?• -y T&fET'O 
fSMSS«Ji*!7 5 0racdt'jf->fc. 
[00 32] 

[&BJM3I] *J6BJJfcSE*W)*D< . fi®fiUS*'4>@fiS 
**MW*itf, iSfl«Jf k S -y 

a I nPLEDmfti. 

[ o o 3 3 1 *>t , aHHS(=Ktt«!>mvint«)«a k-r 



[01] HSfe0l 1 icietgco LED oBrStfUfi GOrf®* 

mx-hh. 

[02] Xffiffl 2 IZtmcD LED oBf Sfilii £ nk+lg&t 

10 A 1 Ga I n PLED 
20 A 1 Ga I nPLED 

3 o mmw&fc 

101 pfGaAs^lI 

102 pIGaAsffl 

103 pBT^yyVm 

i o 4 mm 

105 Jjt;7»HI 

1 0 6 RfcMHI 

107 nJB^-Sy^mffi 

107 a fkTM 
107b fi±« 
10 7c fflRMi 

108 pj&*- 
i o 9 &mm 



[Hi] 



[02] 



1 0 6 



10 5- 




/ 



3 0 



1 0 4 
10 3 



10 2 



1 0 7 



1 0 0 
10 6' 



10 5' 



3 0 



10 7b 
10 7c 

k — ^ x 0 7 a 



1 0 4 
I 0 3 



1 0 2 



F9-Mm%) 5F041 AA03 CA04 CA23 CA34 CA35 

CA41 CA49 CA53 CA57 CA66 

CA67 CA71 CA73 CAS2 CAS5 
CA92 DA07 



